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<°Ixisii]Sn Releasing Peptides from Sidn Secretlofi5 of Amphibians^ 

The present invention relatefi to die dlscovecy of novel insuliin-Tdcasi^ in 
th& skin secietiom of ampbibiaxis and Hxck potetttial use as stimvil^tors of pancicatic 
beta cell Ainotioo m the treatment of diabetes mcUitas. 



Aoiipbibiati skin containa two Jdnds of secrototy gflands. Mucous glaxids are distdbuted 
dnoughont (he bo^, and their secretions mainly piovide tibie xnoist co&img necessary 
Sar cutaneous xe^jjation. Tbe granular glands, also knovm as sc^us or poison glanda 
may be distributed or concentrated in ceitain areas of thp body. The secretions firom 
the granular gLand$ of anurans <fi?ogs and toads) have been shown to contain 
phazmacologicaUy active sub3tan.ces ranging fiom simple amines such as 
isoxqpinopliribad and histamine to biologicaay active pc^des, pipezidiixe and stemidal : 
alkaloids^ bufodienolides d«id tetrodotoxin [1-2]. These eompotmds are fhouglit to ^ 
play variow jcoles, either in the regulation of physiological ftmctions of the skin or in 
defence against prpdatocs or minioorganisnia [3-4]. 

Buring evolution some of these agenta, closely related daughter molecnto, noay 
have talsLcn on distinct physiological roles in humans. It follows (hat 
phatmacologically active substances isolated &oux the skin secxctions of and 
toads may be useful ibr the treatment of human climcal disease such as diabetes 
mcllitus. 



The invention will now be demonstrated with reference to tbe following non-timiting 
examples ^tul the accompanyuxg figures wherein: 



1 
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riguw 1 Ulnstiates Ibat smi-piBparativc CIS HPLC firacttons of the skin seccctioM of 
Agalychnis taleaf^er stimulate iosuliii stxxd&m ftom BRIN-BDl 1 cqUs. 

Figure 2 illustcates thst Sfiow-preparative CIS HPLC fiacdons of the sldn accretions of 
Agalychnis litodbyas stunulate insidin secretion finom BRIN-BPH cells. 

Figure 3 ilhistrates that SGmi-ptdparative CIS HPLC fractions of the akm secretions Of 
Bombina yarisgata stimulate insulin secr^on ficom BRIN-BDl 1 cells. 

Figuie 4 illustrates that semi-preparative CIS HPI-C fiactioiius of the skin sacretians of 
PhyUomedusa trinitatis stimulate insulin secretion from BRIN-BDl 1 cells. 

FigUTfi 5 tUi:ffitra£es flbtat semi-preparative CIS HPLC j&actions of the sfcfai secretions of 
Ranapalustris stuxtdtatc insulin secretion fiomBBIN-BDll cells. 

Figure 6 illiistrstqs that senti-prcpaiative CIS HPLC fbactions of the skin, secretions of 
Rana pipims stimulato insulin seerction fix>m BRIN'-BDI 1 cells. 

Figure 7 illustrates tbjat scmi-preiparativc CIS HPLC fractions of the sldn senreUons of 
Sana saharica stimulate insului secretion from BVUM-BDl 1 cells. 



Figure 8 iliustxfites the dependence of the stimnjaany cfcects of 1653.2 Da purified 
peptide (peak 1.10) ftom Agafyt^nis caicar^er on itntracclhilar pathways uaediated by 
jrotein kinase A (forsfcolii^, protein kinase C (PMA) or pertusas toxin-sensitive G- 
proteius. 
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Figure 9 U^tiatcs the depeudeooc of the stiiEmlatoiy eCfects of 1641.7 Da, 1662.6 
Da, 1619.8 Da aod 1650.5 Dg. pvilicd peptides (p^ks 21, 22, 23 and 24) flrom 
Bombina variegata on mtcaccllvlsr padxw^ mediated by proteim kinase A 
(fbrskQlin), protein kinase C (PMA.) or pertussis toxm-sonsitivfi G-ptotcins, 

Figure 10 illustraies the dcpendCTCe of lhc stimulatoiy cf&ots of 4920.4 Da and 
4S01JI Da putlficd peptides (pealcs S.l and 5^) ftom Rana sakarica on intmceUuIar 
peSasvsyB mediated by protdn. knmse A (foisicelin)} protein Idnase C (PMA) or 
pcrtussisi toxin-sensilivc Q-^ioteios. 

leXAMFLEl 

• {• 

Collection of sUn seerelioin: C^itive bi^cd of Agafycknis calatrffer, Agafycfmis 
litodryas, SonAina vartesata. Pf^omedtaa tra^taOs, Sam ptOustris, Ranapipiew ,. 
and JRatut saharica were maxatmned in terraria at 24 °C mth, 12 \iJ\2 h lisht / d a rk ^ 
oycde and fed on cric^et^, llae skin seoretions were obtained from groups of jbur 
anqyhibiaQjs fiosn eacfb. species by gentle electrical stimulation (4-ms piilse ividl!b« 50 
5 V) using pMinum electiod(» rubbed over tho moistened dorsal skin sm&ca Ibr 
109. Sections were washed ofiT into a glass beakor^ using deioiaised watc^. The 
resultant secretions were freeze dried in a Hetosicc 2-5 freeze diyer (Heto, UK). 
Approximately 50 mg, day wejgjhl;, of sidn secretion was obtaiued &xr each species. 

Farific^tfoB of peptide: Lyopbilized mide venom (lOmg) fiom each species 
dissolved in 0.12% triflnoiDacette add/Vater (ZmT) and 1 ml of it was 
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chromaiograplied on a Vydac 218TP310 SCTSi-tnt^amtivc C>«18 colxmrn (25 x Iqh, 
Hcspena, Cali&iBte, USA). The column was cquSKhxatcd with 0.12% (v/v) 
trifludtDacctic add/water at a flow rate of 2mVtBm. Using 0.1% (vA^) TFA in 70% 
acetenitnle/water, conceDftratioai of flcctonltrilc in fhe clutizig fiolvent was raised to 
80% (v/v) over 80 mbi using Hnsar grfidjente. Absosbance was momtozod at 21,4tam 
wifb coUeoiion of 2sxA &actiona» Ftactioxis which showed to^or insulin releasing 
activity wcrc pooled and rechromatogrs^licd nsmg a Vydac 208TP54 ana^cal C-18 
colxmrn (25 x 0.46 cm). The cotumn was equilibrated with 0.12% (vAr) trifLuoroacetics 
acid/Water at a flow rate of ImlAniJCL Usinfi 0.1% (v/v) TFA in 70% 
acctonjtdlc/water, fho concotralion of Accfioflitrile in th9 elating solvent was raiteed to 
15% (y/v) over 5 »un and to 80% (v/v) over 70 xoin u$dng Hnear gradients. 
Absoibance was monitored at 214am. 



Culture of insulin-secreting celiss Ckmal rat insnlin-$ecrcting BRIN-BDll cdls 
were culture in IU?MI-1640 tissue cidtuxe naedinin containing 10% (v/v) fbetal calf 
scrmn^ 1% (v/v) antibiotiGS (100 U/noil penicillin, 0.1 mgi^l streptomycin) and 11.1 
niM gfaxoose. The prodDCtion and cbatacteriastion of BRIN-BDll cells b» describcMl 
elsewhere [5]. Cells were maintained in stedlc tissue cultare flasks (Coming, Olass 
Wodcs, us:) at 37 ''C in an atmosphere of 5% CO2 and 9S% aii using .L£EC incubator 
(Laboratoiy Tecbnical Bngincaing, Nottingham, UK)» Jn, three expcmneniCal scced 
using purified peptide fix>m Agafychnis italear^er, Bambma variegata and Rana 
sahisrica ccHis liv^se caiitiited ovcinughi; with 25 j^skaun» IC nM PMA <xf C.l 
|jgM pertnrais toxin prior to acote 1e$ts. 
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Acnte Insnlin release studies: Tnsti&a nleasc fiom BRIN-BDl 1 cells was dctemnncd 
using cell monolayers [5]. The ccBs ^eso hatvcsted wifli the aid of trypsib/BiyrA 
(GibcoX seeded into 24-iaultiwdl plates (Nunc, Rosklide, Itegaxxiaik} at a density of 
hSxVf cells par W6ll» and allowed to attach ovcndgbt. Filer to acute teat, o e]Qs wete 
ptdncubated fer 40 mm at 37 "C in a 1.0 tnl Erebs Riogsr bicaAonate bu£fer (U5 
mM NaQ, 4. 7 ciM KCl, 1 noM CaCfc, 1 mM KHaP O4, 1 . 2 mM MgS04, 10 mM 
NaHCOa, S gA boviDie acmm albnmiD^ pH 7.4) supplcmextted with 1.1 mb/L ghtcose. 
Te^ incubations weirc pexjbnoed &r 20 siin ai 27 ""C usiDg tbe $amc bufiSsr 
supplenl.eQtcd with 5j6 mM ghacosc in tbe abseoce (control) m& preseacc of varioiis 
venom fiactions, peaks (^tJivalent to ^ptox. 2S)j1 dned HPLC fiaotion) or test 
agents as mdicated in tbc Figdies. Cell viability after 20 roda test ixkcubatiojis waa 
asaeased by modified neutral tod assay [6]. After incubation, altqiuots of btifi&T wen 
removed and stored at -20 'C for iusulin radiomiOTmunoasaay [7]. 

Molecular mass determioatkm: The molecular masses of fhe purified individual: 
non-toxic peaka cadiibiting in$iUm releasing activi^ were detooniaed using Matrix,. 
Assisted Laser Desorption lonisatioit'Ttekc of FU^ (MAIX>I-.TOF) mass 
spectrometry, Blecsttospray lonisation quadripole ion-trap Mass Spectrometry (ESI- 
M&) was used fytAgafyt^mis ealcarifer, Bombina yarie$ata^ Ranapipians and Rana 
sahariea. Maas^ were recorded aod compared with tbeorctioal values calculated 
the peptide calculator^ a computer software package. 

Depyroglutamation: Wbeic nscossary {Bombina wri^fa\ pyioglntaCQialo at Ibc N- 
teiminal was removed by adding 25 jd of pyroglntamste aminopeptidase prcpaxailon 
(SQmM Na2HF04, lOmM P-mQUOapto^EbanoU 1 mM dxChiotfareitol, and ImM EDTA 
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adjusted to pH 73 with H3HPO4) conlfltoiiis 0.4 »gtal pyiogjutamate 
aroinopeptidase to 100|il of the lypophilfaed peptide. The wix was hicribated 

for 2 hours at 37 "C and tibeti stored nt -20 "C for subsequBnt andoo msid 
dff farfwmati iMi hy Edmga dcgradatioin> 

Strachtral analyBb by automated Edman degradatioii: The prhttary stractutcs of 
file purified peptides wew dctmnined hy mitomsted Edman degiadation. using an 
AppHed Biosystaus Piwisc 491 imcroso^oeoccr. Standard opefatmg proccd«i:ea were 
used CAppKed BiosysteniB Ntodd 491 ProtBin Seqiwocera Ustaa Manual), The Ifamt 
for dctectioa of phoaylthiohgrdantoJn amifiP adds w«a 0^ pmoL The prinuny 
atnictu<eawcw conipajcdwfth those dq«>sitcdto SWISSPROT'™ database. 

Statistieal analysis: Results are racpressed as mw ± S.EM. Values were oompajod 
using Student's nnpaited t-test Qroups of data were considetod to be si^pificantiy 
difGsrentifPO.OS. 



Itesnlts 

Isolation, mass spe<?tromctry and saqnenee analyBis of lna«iin-«leastogrde«dng 
peptides: Sidn aecietioofl ftom the various amphibian ^ecics were pwfied by HPIX, 
yielding in each case multiple fiacHons that were subsequently screenod for in vhro 
biological acti^iy using BRIN-BDU cells. The insdin-rdcashig pwfilcB of peaks 

emerging fiom the primary tu-uJ sqpaiaflon axe i11»m."*««* ^s-v- z,- r 

Agatydmis Utodryas, Bombim vaHegata, Phyttenteduaa M»itatis, Sma palustris, 
Sana p^iens and Rana sdhariea in Figs. 1-7, lespectjvely. 
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The mB^m pcsilcs of imiTj&iHceleasing activi^ were snbjected ta ibrQiar HFLC 
puification steps, givdfig nse ultimately to the isoktioii gf pure peptides with provm 
insuliiaotzopijc su?ijvity (Tabl^ 1-7). Where suffici^ sax^le was available^ moleciilar 
messes and eiflicr particil or complete BBqaoncejs weald detsimmed ftr eaoh peptide as 
for the vsdom amphibian ^ecics to Tables 1>7, bx instajaccs where a 
covxplete »qucQce was obtained, the theoretical (caJculaied) molcctOar nm»cs of the 
peptides were shown to coxrcsponded closely to the Gxpeximedtal massesi. This 
iiuHcaSes the abseoce of any post^xanslational modtiicatloii of consitituent amhio 
acids, sudti as phosphotylatioiiy sulphation oi glycatioQ. 

Six of the msiiliiiotxopic peptides have proved to be establlsS^ stniotmiea. Peak 4-1 
£com Rana p^iehs idcnticfll to pipinitwl, peak 23 fiom Bombina vari^ta to 
bombesm, peak 2.10 fiom Phytlomedusa trinUatis to damascpthi BIV prooiusor mA, 
peaks 5 A 6.S and 8«3 from Rana sahwrica matched Saculentin-lB, Ksvioin-SBC add 

BrevininrlE respectively. With these fbw exceptiaBS, all other insijIin-releasiDg 

1*" 

p^des were novel structuies as established the SWISSFROT^ dalsbaso. 
Evcai the £motiCTal obs<nrradons with pixtmin-U deimasepijn BIV precuzsor. 
esculmtin*lB and b3revima-2EC and IB were novel as these were totally unsuspected 
insulin ideasing pq>t3des. 

Modest similarity existed between some of the isolated insuhn-xcleasing peptides and 
amphibian antimicrobial peptides that are imaiiqpec^jed insulin se^netagogues snch as 
brevinin, dennascptio, Rugosia A and tiyptophyllin- However, unlilcc the latter 
agentSi Ao evidence was obtained of cell lysis or a to?dc action that mig^ account Sax 
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msaSn scaetion. Thus iho peptides reported hetrain appear to act throii#i 
phystological mflmmaliaiipiOMffles confatoUiiig eaawgrtmis of issafin. 

To support tins view, ftrfhsr studies wens vmied out vsUig pDiified peptides fiom 
AgalycMns calcarifer. Bambim variegata and Sana sdharica to tnwaata cdlnlar 
Qiadiaiusoia underlying tlw stimutetion of insulin accaetkm. The st»s>iilatiMy eflfeBts of 
tbe 1653.2 Da peptide <^alc I.IO) fiom AgslyolmiS aOcar^ (PiffitB 8) md 1641 J, 
1662.6, 1619.8 and 1650.5 Da peptides (peaks 21, 22, 23 and 24 respectively) ftom 
Bombina vfoUgata (E^gute 9) were abolished in eeJls cultmed ovemJ^t wiJh 
foiailQolin to deseaaitiae flie cydie AMP-piotcin kiiiflse A patib,way. Oveniight cuHura 
with PMA or pertussis toxin did not afifect the insuliUHMleasing ability of die pqitidea, 
suggesting Jai* of invblvenisnt of protdn kinase C or G-ptotdn dspeodenk pattwaya. 
Ovcinifiht culture with fbiskolin or FMA. icaidted in Ac abolition of tiw acute 
Btinjnlfljory effects of JSKskolin or PMA, respectively (Figores 8 and 9). IhtBrcstingly, 
the insnJin-rdeasing action of the 1653.2 Pa peptide from Agc^^^ohnis cofcardfer and 
pcate 21, 22, 23 and 24 frjm Bombim varie^ta ware not affected by 50 jiM 
vaBQiamii and were clearly evidant in cells depolarised with 30 mM KCl (TaWBS 8 
and 9). 

The stinwlatory etEfecta of the 4520.4 and 4801 .2 Da peptides (peaks 5.1 and S.4) ftran 
Rana saharica were aboHahcd In cella cnMuied ovemigiht with forskolin, PMA or 

pertussis xoxm yrigwe lm) ixiuiv«m4U'& xiM.wAr^Miwj*' n^^l^ ^-.-i^ — — - 

md pertussis toxin-sfinsitlvB Q-protein in thjear stimiilatoiy actkwis. As sh0wn in 
Table 10, the insuHn releasing acticB5 of fee isolated peptides we xjot irihibited Ijy 



s 



•1 f ^IMU'w'-CKnflO XI -C. I ii'o-Bi- 




d„ fa con, depotad«l Vy 30 »M KO. 

v^H^-. "A-*"--^ 

iJomi Dipfew and Jtana 
niaamiflliflnpancjcBtUi iJotB cells. 

^^^^^^^^'^"^'^'^'^ 

: and have oflMT'benBficwlactioTJS on beta 

. »*w-v« <ia HiifiBBBtsd by studies usiiig peak 1.10 

cdls wluc^ iiivoWo Bovel swretory pathways as BOg^ 

4^ mediated thiougH both protem kinase A 
ttesc cases 1hese«etagosuwq»peaiw^ ^ 

^ Cp^t.. ^depend.* paO^wsys. I. the case o. pc^des isola^ ^ ^ 
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Xt is sppsKsA jBnm tbe insuliA ^dmulatQiy cSects that specific xeccptord must exist fbr 
tbsao amplubisn peptides on manxnalian insulinr'SecrctinB beta cells. Has gives rise to 
two major and M^Uy novel jaon-cxcluaivo possibaities. The fiist is that these insulin- 
tOeaaos ampfaSbian pepttdcs have homolosous or closely rdated m annmalim x 



The second inqiartant possibility aiising flrom this resertch is that flw norvel 
ampMbiao peptide described in Tables 1-7, or daugjitear molecules thereof may offer 
a therapeutically iisd!vil means of ttcadnginsuUn secretory dysBiootionaDdothCTbeto 
cell distuibances typical of diabetes in hrttnans. iMabetes is piedii^d to reach 
ppi^T'^^^g proportions ihroi^jbout the world in ttue next 20 years and cmreait tFcataxeiots 
do not restore noaxnal gbioosc homeostasis, Ibesein rcsulling in deblliteting aiabetlo 
complications and premature death. Amphibisn peptides may ■fberefore be a nseM 
addition to the theicapcadc arsenal fiw use ^thcr alone or in combination wift. oflwr 
agents to ixnpiiavc diabetes control and detfoase the risk of associated compUcatiaas. 
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CLAIMS 



1. The Allowing peptide stmctares aas sdmiilators of tufnilin secietion and. 
pancreatic beta odl fimctioia: 

(a) RRKPLFFJFIPBPK (peptide I.IO, Agalydtoiis calcadfer) 

(b) MLADVFEKIMOD.4 » (N-t^noixlcus of peptide 1.7, Asalyclxois litodrya^) 

(c) A^nmOiVLKia^^ Cpcptids 2.9, AgBlyclras 
litodxyas) 

(43^ Ppr<|RLGHQWAVGHLM-aiiii^^ (pqptide 21, Bombina vadegata) 

(0) Pyr-DSFGNQWARGHFM-amf dated (p^dda 22, Boziibina varie^ia) 
(f) GKPFyPFPnrPEDM (pqptide 24, Borobina variegata) 

(S) IYNMCPCKHCNKCKF€iI.j:iAN Qt^ptide 25, Bombina variegqte) 

(h) XXPLAPFFQAVFK. . . (N"t<raTOinus of peptide 1 .8, PtQ/llQjjiedasa trinitatts) 

(1) AhWKDlUa^iSSCAAGKAy^^ Cpcptide 2.10, FtQfUoineduaa 
tnnitatis) 

G) ALSIIJlG01ia.AICVlGIALTNCKATKKC (peptide 3.S, Kaaa palustris) . 
00 FLPnAGVAAKV^KIFCAISKKC (pqp^ 4.1. Ranapipieiivi) 
(1) KGAAKGLIJSVASCKLSK3C (peptide 4.22» Raw rahadca) 
(fo) GIISKFGSKKIKNIXlSGJUiaNVGKEVGl^VVR^ 
peptide 5.1 Rana sahadca) 

(n) GIFSKLAGKlOJKNIJJSGXiKNVGKEVGMPVVRTGmiA 
(peptide 5.4 Rasa sataarica) 

(a) (aLSTDa>FiUKA0a3AAKGLLEMA5CKLSGQC (peptide 5.6, Kana 
saharica) 

(p) GIlXDKLKNFAKTAGKGVX'QSUJNTAjSClKXSGQC (peptide 6.5, R«» 

11 
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sahaxica) 

(q) JXPLIAGIAANFLPKIFCKITKK^ fipQrtidc 83» JRaaa saharica) 

2. Brevioioa* dctmaseptim axxd escatentbia as peptides fhst stamidatB inaufin 
Koc^on by activmion of phyisiolo^oal stimutos-secrctiDDL conpling patliways mfbfiF 
than by axilinvcrobial acfion involvictg cell lysis. 

3« A peptide 33 claimed in claims 1 and 2 with at l«5t one axmno acid 
modification by insertion of :&tty acid at tlie alpha mnino group of native atxiino acid 
or ai> cpsilon amino group of a sulnrfitatcd lysioia residue. 

4« A peptide as claimed in claim 1, 2 or 3 having at Ibsst one affldno acid 
STibstitirtion and/or modificatioji inclijdi^g N-glycatcd,, N-alk^ 
acylatcdp N-iaopfx>p^ or N-pyroglutamyl amino acids, 

5^ Useof apeptide asclaiiMfidinaiiyoncof cl3was 1 to 4infhcpieparaiionof 
a medicament to stimulate insulin seccction and/or naodeiate blood ghicosa 
cxcursdons. 

6. The USB of a peptide as clfttoied in any one of claims 1 to 5 in tibe 
preparation of a medicament for tre^flncnt of type 1 ot type 2 diabetes mclHtafi. 

7. A phannaeeutiea] eompo^tion ioclllding a peptide ehnnrding to any one of 
claims 1 to 6, 

12 



^ 17-NaU-ffi03 17:29 FROMeUUS!^ INNEW CTRE +44 0^702 80010 



17-NOU-2003 17:S9 FT?OM:UIJSRP INNDU CTT5E +44 0^ 70:901633814444 P:16^ 




8. A phamiaceutical conqpK^sition useM itk Die treatnicnt of obesity arid/or typo 
2 diabetes which coxnprises m oSoctxYQ amount of a pcptkb as claimed m my of 
cbaiAB 1 to 7 in admixture with a phomaceutically acceptable axcipieott fiur dalivoy 
tinoiigh tracisdecmal» rmBal ixihalAtioti, oral or icyected routes. 

9. A pbanxiacciiticaL consposition as claimed in claiin 8 "wbixst fbrther 
coxcpijlses one or mote sajphonylnxeas, meglitizudes^ mgtfomn'n, and/or 
thiazolidiocdiostes. 



13 



^ i7-NaJ-^03 17:30 FROMiUUS^P INNOU CTOE +44 02B702 00010 



TO: 901633814444 




References 



[1] 
[2] 
[3] 
[4] 
[S] 

[7] 
18] 



Bcvins CL mi Zasloff M 1990 Peptides ftom fiog skixi. Anrmat Res^dew cf 
Biochemistry S9 39S-414 

Ettpamer V& Melchioni P 1983 Neurosndodrine petspedivcs. pp. 37-104. 
Elsevier Seiciu3B» Amstei'daia 

Bartihialmiis GT 1994 Anaphibian biology, pp. 382-410- Boatty and Sons, 
Smcrey. 

Baira D smd Simmaco M* 1995 Amphibian sirin: a promlsiog resource for 
antitmciobjal p^tidcs. Tr&ids In Biotechftology 13 205-209 

McClcuaghan NEI, Bamett CR, Ah-Sing E, Abdel-Wahab YH. OHarte FP, 
Yoon TW, SwanstODrFldtt SK aaod Fbtt PR 199$ Characterization of a novel 
glucose-rcsponsiTO iosolfarBccrrtittg cell toe, BRE*-BDll, produced by 
cl6ctro£i]sloxi. Diabetes 45 1 132-1 140. 

Hiittt SM, ChizWDwska C, BatBnstt C&, Brand HN and Fa^irell JK 1987 A 
comparison of in vitro cytotoxicity assays and fhjsir application, to' wato' 
samples. Alternatives to Labaratary Animab 15 20-29. 

Flatt PR. and Bailey CJ 1981 Abni»tmal plasma glucode and imulin xespomes 
in heterozygous lean (ob/+) mice. Diabetoiogia 20 573-577 

Gault VA. O Harte EPH Harriott P, Moon^ MH» Gareptt, BD and Flatt PR 
2003 Effects of the novel (?tch OIP antag^mist and eTcandin (9-39) amide on 
GBP- and GLP-l-induced cyclic AMP gmeration, insulin secretion aud 
postprandial in^nlin release in obese diabetic (ob/ob) mice; evidence that GIP 
is thoin^jof physiological incvetm. J^iabetologta 46222^230, 



17-NCW-2a03 17:31 FTOM'.UUSRP INNCW CTKE 444 B3S702 60010 •ra;901633B14444 P:xt 




[9] O'HaitQFFM. Abdd-Wahab YH,a«lon JMaodH 

glucagot^lilflc peptide-1 07-36)8X01^0: charactciizatioi] and impaired action on 
tat insulin secrefing cdls. Diabeiohgia 41 1 187-1193. 

[10] AbiJel-Wahab YH, (yHacts FFM» Maoaey MH» Conjkm IM mi Flatt FR 1999 
N-temdnal glycadon of dolecystoldnin'S abolishes its insitllnotropic Bctifla 
on (donal psmcregtio B-cells. SBiochimica et Bippl^y^a Acta 60-57. 



15 



^ 17-NOU-E003 17:31 F1?0M:LIUSRP INNDU CTI^ +44 OiSndii 80910 TO:g01633B144<M 




Table 1 fiJsuHn secretion, oxpwimeatfal molecular mass, anuno acid scqnesnce, 
database comparison and IheotBticaJ molficuJar ntfsa of individual peptides isoteted 



&cmAgafychnis calcaHfer, 



Peptide 
ID 


Insulin release 


£itperimenta1 
Mas9(Da) 


AxHino add 


DatabaiiB 


Theoretical 

(Calenlttted) 

MafisfDal 


None 


1.71 ±0.12 










1.3 


2.52 ±0.23** 


ND 


No se^uraics 






140 


2.61*0.11** 


1653^ 


KRKnLFliEIPRPK 


No 

Match 


165ZJ. 


1.17 


2.10 ±0.15* 


ND 


No sequBflce 






1.18 


2.S2±0.05*«« 


MP 


Noecqimice 







Table 2 loaulin scccetion, experimfflrtsd molecular mass, amino acid sequence, 
database compariiWMi and Aeocetioal molcoalar mass of individual peptides isolated 



firom Agiifychnis iito^ta. 



peptide 
ID 


Ins^l^xl relcflse 


Mas«(pa) 


Aindnoacid 
&eqiien«e 


Itetabase 
match 


TheaTefjcnl 

(Csdcnlated) 

MassCDft) 


1.7 


^1.95 ±0.16 
4.22 ±0.48*** 


2546i 


^..(bisixSiclcnt 
sample) 






23 




3020.0 


AVWKDFLKPttGK 
AAGKAVLNSVTD 
JtfVNE 


Dennoaept 
inBlV 
pracoxsor 
79%ID 


3019J5 



IncabatioQs were ps^fiMmed at S.ftnM gfacoac. ValuM a» mean ± SBM for 3 
BBparate observaliMis. •*P<0.01 axid ***P<0.001 compated with 5.6mM glucose. ND 
« Not deiaciied. Singjc letter code dsasts arabje asids: A, Ala; R, Are: N, Asn; 
Aap; C, Cy« E. Glu; Q, Gto; G, Gly, H. His; X. Hyp; I, Ite; 1.. Lcui K, Lys; M, Met; 
F, Phe; P, Pro; S, Ser, T, Tta; W, Tip; Y, Tyr, V. Val. 



I 



I 
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Table 3 InsuliA sect^aoi eTcperimcntal molecubr mass, amino acid sequence, 
database eo]3ai)drisQn and theozctLcal molacular mass of individual peptides isolsted 



Peptide JD 


Insulin release 
(ns'lO' CBlIs/20xniiu) 


Mass (Da) 


Amhko acid 
seqnence 


Databs8e match 


THieofeijCfd 

(CaJcnlftted) 

MassOI>a) 


Nooe 


1.74 ±0.08 










21 


4Jfi6±QM*** 


1641.7 


QRLGSQWAVO 
mM-anrfdfltfld 


Bombesin 
93% ID 


1642,7 


22 




1662.6 


Pyjr- 

DSFGNQWARG 
HFM-amtdated 


Bombesin 
72%n> 


16«2,9 


23 


5.67 ±D^** 


1619^ 


Pyr- 

QltLGNQWAVG 
JEOM-amidated 


100% ID 


li!20.7 


24 


4J0 ± 0.2O*** 


11^5 


GKMYFPPnnPE 
DM 


TrsTptophyllln 
57% ID 


1650^ 


25 




2300.0 


IWAICPCKHCN 
KCKMJLIAN 


No 

Match 


2299.8 



Tabte 4 Jbsulin secretion, ^qtcdmratal molecular, roass, dmmo acid sequonce/v 
database compaiisoa and. theoictical molecular mass of individual peptides isolated i. 



Peptide 
ID 


Insulin Tdcase 
(ng/lO* celb/20tni]is) 


^Experimental 
Mass (Da) 


Anddo wdd seqnoitee 


Match 


Tbenrettcal 

(Cjalcnllited) 

MasalDft) 




1.47 ±0.04 










1.8 


2.48 ±0.37** 


8326.4 


XXPLAPFFQAVFK 
...(Ihsufficfient sample) 






1.11 


2.10 ±0,16** 


3379.9 


ND 






2.10 


2.356 ±0.34** 


2996.4 


ALWKDILKNVGICA 
AGKAVLNTVTDMV 
NQ 


Dcrmascfittn 
BJV 

precnraor 
100% ID 


2998.5 
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Table 5 toolin se^oa, nqietimciital molecular mass, amino acid scqaaice, 
database comparison and flieoretlcal moleouJar mass of mdividnal peptides isolated 




Peptide 
ID 



2.6 



2.7 



3.1 



3^ 



43 



InsnUnreltiase 
(n^O' cells/ZOroins) 



1.467 ±0.04 



4.14±0.40**jL 



2-12 ±0.09*** 



2.14 ±0.13*** 



l.S7±0.06»* 



ExpciimentBl 
Mass (Da) 



85604 



4919.9 



Amino aeid scqnenee 



ND 



ND 



384S.7 



ALSHJRGLEKLAIC 
MCJALTNCKATKK 

C 



ND 



NP 



Database 
match 



I Theoretical 
(Cfllcnlaied) 



(46% ID) 



Table « fosnlin secretion, eq»criiiMffltal molecular mass, amino add sequence, 
database wi^parison and thsoxetical molccidat mass of individual pcplides isolated 
from Ramrp^iens. 



Peptide 
ID 



None 



3.1 



4.1 



Insniin release 
(ngj/llf cBDs/iZOmins) 



2.76 ±0.13 



3.46 ±0.17*** 



4.15 ±0.01*** 



ExpeTiitteiltai 
Ma,sfi (Da) 



5125.2 



2562.6 



Andno add 
seqQenee 



ND 



Database mftteh 



flpiiagvaakv 
fpkifcaiskkc 



Fipinln-l 
100% n>) 



TheorBticnl 

(CalcoJatGd) 

MaaafPa) 



Z563.2 



Intubations wore perfoimed at 5.6mM glucoso. Values' are meaa ± SEM fcr 3 
scpatate observations. »*P<D.01 and *««TP<!0.001 compared wftH 5,emM glaicosc. ND 
-sTj^qraMgaedr-STagte^cttec-e^ A ,^ ^ J^. Ats ; N, Asn; D, 

Asp; C, Cysi Gh»; Q» cam Q, Gly; H. His; 7^ Hyp; I. He; U I^J K. Lys: H Met; 
F, Phe; P. Pro; S, Scr, T. Tte; W. Ttp; Y, Tyr, V. Val 



IB 
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Table 7 Insulin sectetioji, experimental molecular mass, acoao acdd sequrao^* 
database companson and tlieoreacal molecDja mass of itbdividnal peptides ifiolated 
fiam JRofM sahanca. 



JrepauB 

no 


Jnsnfiii rdeajffi 

cells/20ixiiiis) 


■il -* HM^ll 

AxpcnmentAi 
Maw (Drt) 


Aiiillio atia sequence 


(■ ^ T» _ _^ _ 

Dfltaoasc 
match 


JuieoFcncal 
(Calculated) 
Mass (Da) 


None 


1.87 ±0.06 










4.14 


3.15 ±0.23** 


ND 


ND 






4.18 


3,52 ±0.21*** 


ND 


ND 






4JS2 


3>I7±0*40*** 


1.992.6 


KGAAKGIiLEVASC 
KLSKSC 


KugQfiln A 


1891.2 






2930^ 


AVTTGACaRDVQC 
GGGTCCAVSLI„,. 
(msumcient sample) 


Protein 

A«va 
78% n> 


2322^6 


4J26 


3.08*0.19** 


1433,7 


ND 






4JZ7 


3.09 ±0.23** 


ND 


ND 






4.28 


3,19±0.0a»** 


ND 


ND 






S.1 


3J2±0^2*** 


4920.4 


GIFSKFCaOCKIKNL 
U5GLKNVGK&VG 
MDWRTGIDIAGC 
KKSGEC 


Escolentin 

98% m 


4919^ 


5.2 


2,9S±0.08"** 


3404.6 


ND 






5.3 


2.54±0-15** 


ND 


ND 






5A 


3J0AOJ2*** 


4801.2 


GnrSKLAGKKLXN 
LUSGLKNVGKEV 
GMDWRTGIDIAG 
CKEKGEC 


-IB 

100% ID 


4800«8 


5.d 


2^6 ±0.37** 


3309^ 


GaU9XIKDFAIKA6 

KGAAKGLLEMASC 

KLSGQC 


Brevinitt^ 

2EB 

67%ID 


3309;0 


(i.S 


5^±0.47**« 


3519.3 


GHLLLDKLKNFAICr 

A6K6VLQ;9JLNTA 

SCKLSGQC 


Brevfnin'- 
ZEC 

»D%ID 


3519.2 


6.7 


3.46*0,28»* 


3119.2 


ND 






&3 


S.S3±0.0fi*** 


267<J» 


FLVIXAGLAANE'JLP 


A'0viiiia> 
IE 

100% ID 


2676.4 



Inccbatiotis were parfotmed at S«6mM glucose. Values are meaa ± SEM for 3 
separata observations. ♦*P<0,01 and ***P<0-O01 compared with. 5.6mM glucose. ND 
« Not detected. Single letter code denote aiDina acids; A, Ala; R, Aig; N, Asn; D, 
Asp; C Cy^' E, Glu; Q, Gin; G, Qifyi H, His; X;, Hjp; L Ha; L, Leu; K. Lys; M, Me^ 
F,Phc; P, Pro; S, Ser, T. Thr; W, Tip; Y, Tyr, V, Val 
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Table S EGfects of ttie 13 aizuboo bsAA peptide ^pcak (pesk UO) from Agafychnii 
aalearffer on ilasulin sccctd^ from BRIN-BDll celb in the pxeseiwc of voicapaxnil 
or a dgpotorilfflns iw' Mocentration. 



Addition 


Insulin seeretion (ng/lO*' cells /2Q mln) 


Control 


Peak 1.10 


None 


L6S±0.16 


Z75±0.12* 


Veiapamil (SOpM) 


J.74 + 0.17 


3.S4±0.20 ^ 

*** 




5.32 + 038 AAA 


16.45 ± 0.10 



Table 9 Effects of peaks 21, 22, 23 and 24 from JBombina yariegaia on iLcisqlin 
secnstion from BRIN-BDll cells in the pissence of vezapamil or a dapolarising K'^ 
concentratiOjOu 



Addition 


Insnlin sc^retlOB (ng/lO*^ cells i^O roin) 


Confeol 


Peak 21 


Peak 22 


Peak23 


Peak 24 


None 


1.69 ±0.17 


3.65 ±0,05*** 


3.23 ±0.14*** 


3.40±0.14*»« 


3.31 ±0.20*** 


Ven^pamil 


U74 + 0.17 


4.25 ±0.82*** 


3.05±0.09*** 


3.21 ±0.14*** 


3.08 ±0.29*** 


KO (30mM) 


533 ±0.38 AAA 


13.68 ± 1.42j;{^ 


13.69 ± 1.43 f;^ 


15J21±1.43jJ^ 


13,35 ±0.41;^ 



Acute iocttbaiions were perfoxmed ^ 5 j6 mM ghiccso. Valxie? arc mean ± SEM for 8 
sqwalc observ^ns. *P<0-05 and ***P<0,001 compaced TOtb oontcol, ^P<0.01 «jd 
^P<O.C01 compared with no additiotL 
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Tabic 10 EfiQscts of pc^aks SA and 5 A bcmAaMsaharlm otx ilnBulin sectetion fiom 
BRIN-BDl I cells in the preaeiice of vorapatoil or a dcpolarisiDig K*" cojiccntnitian. 



Addition 


InsnliD secntian (o^lO^ «elIs/20 min) 


Control 


PeakS.l 


Peak 5.4 


None 


1.69 ±0.17 


2.96 ±0.32*** 


2.89±0.19*** 


Vorapanui (SOjuM) 


1,74 ±0.17 




2.79±0.10**» 


KCl(3Q«saM) 


3.3J± 0.38 AAA 


10.11 ±0.81 AAA 


11.84 ±0.98 AAA 



Acute kicubatiojis weare pccfincxned at 5.^ xnM gitucase. Values ave mean ± SEM for 8 
separate obscrvatiom. *^*7<D.00jI eompacod with control, ^^O.OOl compaicd with 
no addition. 



P:24^ 



Legends to Figqres 

Figure X EfEects of y^ous semi'«pxepaiative CIS HPI^ fractions of Agafychni^ 
cedcartfer crude venom on insulin secretion from BRIN'-BDI 1 ceUs. Incubatiotia were 
perfonned at 5.6mM glucose. Valu^ are tte mean db SEM fot 3 separate observations. 
^P<0.01aod ^*F<0.001 eompaxed vnSx 5.timM glncsose alone. 

F%nre 2 Ef&cts of vatlons semi-^^parative C18 HPLC fractions istAgafychnb 
modryiis crude venom on insulin secretion from BRIN-BDl 1 cells. Bsicabaiiona were 
psibcmed at 3«6mM glucose. Valii/es are ibe mean ± SEM for 3 sepa;ratc observations. 
♦'P<0.03 and **P<D.0Ol compared \¥ith 5.$mM glucose alone. 

Hgure S IBfiEbcts of vadous semi-preparative CIS HPLC fiactions of Bomhiaa 
variegata crude venom on insulin secretion &om BIUN-BDl \ ceUs. Incubations were 
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pcr&nned at 5.6inM glucose. Vahws are the j»oan ± SEM for 3 separate observatiooB. 
*P<0.01axiid. **P<0.001 conqiatcd wlfb 5.6inM glucose atoae. 

Figure 4 E&cts of varioua Beam-pig»atative CIS HPLC Jfraotions of P^fthmeOusa 
tfUiUatfs etude veaaom on insulin scoretiort flam BBm-BDU cells, icuaibations were 
pefbtmed at 5.6inM gjucosa. Values ate tito mean* SEM fi>r 3 separate obsexvatians. 
*P<0.001and **P<0.001 conrparcd wilh 5.6niM ghicosc alone, 

Vi&ttfi 5 EfiEbcts pf vaiious scmiiprepataJivo CIS HPLC fractions ofRana palmpfis 
cnid© vcnam <mi insnlia secrotiDn ftom BRU^BDll cells. Jhoubationa wc» 
pcrfbnaed at S.ficriM glucose. Values aw flw mean ± SEM fas 3 sepwate observations. 
n><0.01snd **P<0.001 compared with 5.6niM ghuassc alone. 

Fixnre 6 Efifocts of various aanl-prcparatiw C18 HPLC fiactions oS Xana pipiens 
crude venom on insulin seocetioft from BRIN-BDll cell& Bjcubatioiis ware 
perfonmcd at S.fimM glncose. Values ara the mean ± SEM for 3 separate observations. 
•fip<0.01and **P<O.00t cooipaxediwifh S.€inM glucose alone. 

Mgore 7 Effects of varioua sencd-piepaialive CIS HPLC j&actions of i?o»a sahartca 
crude venom on insulin secrolion ftom BBIN-BDll cdls. Incobations ware 
perfotmed at S.fimM glucose. Values arc the mean * SEM for 3 sepaiale obsocvations. 
'**r<0.001 cxmparcd vrith S.<SmM ^umse alone. 



Fignn S Ac-lite eSssts of &s 13 wains add 1«53.2 Ds- pimfitsd peptidfi (neat i.iOr 
ftom Agalychnis caicaHfer on finrskolin and PMA on insulin secretion fratt BRIN- 
BDll cdls cultured overnight in the absence (con&ol) and presence of 25 nM 
fotsfcoliu, 10 nM PMA or Cljigtol pertussis toxin. Acuta incobations wen; performed 
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at $j6 tuM glucose. Vatu^ are the mean ± SEM for $ sopfirato observatiaixs. 
4i*«p<0,Q01 compared with 5«6 xnM £liicose BLoofi imder same oultum coxidilions* 
0.001 compared witfa. respective te$t res^esxt foltowi^ig control cultiuns. 

Figure 9 Acute c^SSoots of 1662.6, 1619-8 and 16S0.S Pa pmifiled peptides 

(peaks 21, 22, 23 and 24) fiom Bcmbim variegflta forskolin afld jPMA on insulin 
secretion fiom BBIN-BDll cells cultured ovamight itL tibie absence (contml) and 
presence of 25 jiM fotakolin^ 10 nM PMA or O.lfigtal pertussis tcyxin. Acute 
incubations wore performed at S.6 mM glucose. Values am the mean SEM for 8 
sepaxfiio obMicvations. ^'^PO.OOl companed with S.6 mM j^ucosc alone under same 
culture conditions. ^P< 0.001 compared with respective tett loagcnt &llowiqg control 
culture. 

Kgiire 10 Acute e£Ebcts of 4920,4 and 4801.2 Da purified peptides (peaks 5.1 and 
5.4) fifom Sana saharUnx on forskolin and PMA on. insulm socnelion fiom BRJN^: 
BDll cells cultured ovsnii^t in the absence (contMl) and presence of 25 |iM 
foc^colhiy 10 uM PMA or 0.1ng/taal pertussis toxin. Acute incubations were perfanned 
at 5.6 mM glucose. Values arc the ^ SBM for S separate observalious. 

>»'**p<0.001 compared wiflx 5,6 mM glucose alone uxider same cutture conditiona. 
^P< 0.001 compared with respective test reagent following control culture 
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=«(««r{fe- >ttad-lc ta«ain 




"N^nT^ e 12 IB M 



30 aa 42 
Fractiona added 



06 



Figp« 2 iUuatrates that serm-prepantiv* C18 HPLC fi^ons of the sldn secretions of 




FraifitiftnA added 
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Figure 3 Ulustratra tbat scini-prepaiativc CIS HPLC fractiQUis of the skm setMneitjons of 
Bombina vatiBgata stimulate ijysaiin scc^lion &<nn BRIN'-BDl 1 cells. 
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FigtpTB 4 illusixates that scmi-pieparative CIS HPLC &actiox\3 of the gkin aecretiong of 
PhiyUoimAisa trtnitatis stimulate insuliii $ccretion ftom BRIN-BDl 1 cdls. 
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Figure 6 iUustcates that sarti-prepamtrve C18 HPLC fisctions of the sJdn aecreitioiis of 
JUma pipiens sthnulctte insulin, secretion fioitx BRIN-BDl 1 (xUs. 
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Figuie 7 illus^lies tbat semi-preparative CIS HPDC fiactions of ^kaxt secr€tioj]3 of 
Ram sahatica stimulate jbosuliii ^ectctioA ftora BRIN-BDl 1 c^U^ 
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Figuie S illdstrates the dependcnca of Ifae sstimulatoty cfifects of 1653.2 Da purifi^ 

peptide (prak LlO) fioxii4ga(v£/w& calami^ on mbaccUiilat pathways mediatsMi by^. 

protaia kinase A (forskolin), piDtdn Idnase C (PMA) or pertussis toxizi-seD^ve & ; 

pxotdns. ' ' 5.6 mM Glucose 

jg^^^ 2S|jMForakoIm 
^ ESSfflB lOnMPMA 

Peak 1.10 




None (Control) 25mM Forakolin lOnM PMA 

Oventtght culture conditioiia 



Pertussis toxin (0. l\ieftxiL) 
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Figure 9 illD$tcates the dep&ndeac:e of the stimulatory effixts 1641.7 Dd^ 1662.6 
Da» 1619.8 Da and 1650.5 Pa purified peptides (peaks 21, 22, 23 and 24) ftom 
Bombim v^^&aa aa intnaceUular pathways mediated by protcm Jdnase A 
(fbitskolinX piotdn kinase C (PMA) oi pertussis toxin-sensitive G^proteins. 



I . 1 5.6mMOtu£Osd 
25 liMForskolm 
BSSa lOnMPMA 
Peak 21 

Peak 22 
Peak 23 
Peak 24 




NoneCContoJ) 25iiM Fojcsfeolin lOoMPMA Pertussis toxin (0. l|Agtol) 
Ovend^ culture condttions 
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Figure 10 illuSitrates the d^pmA&me of the stiiidculatoty effects of 4920.4 apd 
4801.2 Da puzifled peptides (peolKd S.l and 5.4) fiom R^fna sah^ri^ia m bnracellular 
patb:^;ay5 mediated by protein Idnase A (fotskolm), protein kinase C (PMA) or 
pertussis toxin-seasitive G^nrtcins. 

' ■ " "I 5.6 mM Glucose 
»™ 25 jiMForskolin 
EB&SS3 lOnMPMA 

™ PeigikSa 




^ I I I 1 I I I I I ■ I f "7 1' I i f — I I I- I I 

Normal (ContwJ) 25 »iM Forsfcolm lOnMPMA 0. l|ig/ml Pertussis toxin 



.Overni^t culture eondttiom 
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